iy,

).

. ’ Fire Fighter Fatality Investigation

and Prevention Program

Death In the
line of duty...

A Summary of a NIOSH fire fic.;hter fatality investi(.]ation

March 22, 2004

Airport Fire Fighter Suffers Sudden Cardiac Death at Fire Station -
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SUMMARY

On February 26, 2003, a52-year-old male career
FireFighter went to thevehiclebay for abrief walk.
Approximately one-hour later, hewasfound lying
on the floor, unresponsive with no pulse and no
respirations. Cardiopulmonary resuscitation (CPR)
was begun and an ambulancewasrequested. After
approximately one-hour of CPR and advanced life
support (ALS) thefirefighter was pronounced dead.
The death certificate, completed by the Coroner
liged” myocardid infarction” astheimmediate cause
of death, although no autopsy was performed.

The following recommendations address some
genera health and safety issues. Thislistincludes
some preventive measures that have been
recommended by other agenciesto reducetherisk
of on-the-job heart attacksand sudden cardiac arrest
amongfirefighters. Thesesdected recommendations
have not been evaluated by NIOSH, but they
represent published research or consensusvotes of
technica committeesof theNationd FireProtection
Association (NFPA) or fire service labor/
management groups.

* Conduct periodic medical evaluations to
determine the fire fighter’s medical ability
to perform duties without presenting a
significant risk to the safety and health of
themselves or others.

* Firefighters with two or more risk factors
for Coronary Artery Disease (CAD) should
have an exercise stress test (EST).

* Ensurethatfirefightersareclearedfor duty
by a physician knowledgeable about the
physical demands of fire fighting.

* Phase in a mandatory wellness/fitness
program for fire fighters to reduce risk
factors for cardiovascular disease and
improve cardiovascular capacity.

* Designate an employee to administer the
pre-placement and annual medical
evaluations and their outcomes.

* Perform an annual physical performance
(physical ability) evaluation.

* Perform an autopsy on all on-duty fire
fighter fatalities.

Althoughunrdaedtothisfatdity, the Fire Department
should consider these additiona recommendations:

* Provide fire fighters with medical
evaluations and clearance to wear SCBA.

* Provide adequate fire fighter staffing to
ensure safe operating conditions.

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determine factorsthat cause or contributeto
firefighter deaths suffered intheline of duty. |dentification of
causal and contributing factors enable researchers and safety
specialiststo develop strategies for preventing future similar
incidents. The program does not seek to determine fault or
placeblame on firedepartmentsor individual firefighters. To
request additional copies of this report (specify the case
number shown inthe shield above), other fatality investigation
reports, or further information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-NI OSH
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INTRODUCTIONAND METHODS

On February 26, 2003, a52-year-old male career
FireFighter collapsed after conductingawak inthe
vehiclebay. Despite CPR and AL S administered
by fellow fire fighters, Emergency Medical
Technicians/Paramedics (EMT/EMT-P), the
ambulance crew, and inthe emergency department
(ED), thevictimdied. OnMarch 5, 2003, NIOSH
- Cincinnati contacted the affected Fire Department
toinitiatetheinvestigation. On December 17, 2003,
an Occupationa NursePractitioner fromthe NIOSH
FreFatdity Investigation Teamtraveled toArkansas
to conduct an on-siteinvestigation of theincident.

During theinvestigation NIOSH personnel spoke
withthefollowing:

* FreChief

e Crewmembers

e  EMT/Paramedics

e Victim'sex-wife

Duringthesitevist NIOSH personnel reviewed:
Emergency medical service (ambulance) incident
report

* Hospita ED report

* Desathcertificate

* Past medica records of the deceased

*  FHreDepatment policiesand operating guidelines
» FireDepartment training records

INVESTIGATIVERESULTS

Incident. On February 26, 2003, at approximately
0700 hours, a52-year-old male career firefighter
(the deceased) began his 24-hour shift at hisfire
station. No emergency calswerereceived that day,
and the day was spent conducting mai ntenance of
the station (light exertion). At about 2000 hours,
after cleaning up supper with the one other on-duty
fire fighter, the deceased informed the fellow
crewmember that he was going to the vehicle bay
for abrief walk. At approximately 2105 hourshe

wasfound unresponsive, lying against thebay access
door. Thefellow crewmember called 911 toinitiate
EMS (Emergency Medical Services), retrieved the
automatic external defibrillator (AED) from the
dation’sengineand began BLS(BasicLife Support).
Initial evaluation found the deceased firefighter to
be coal to thetouch, without apul se, no spontaneous
breathing and eyesfixed and dilated. TheAED pads
were placed onthefirefighterschest and one shock
was delivered. The AED then advised the
crewmember to continue CPR. EMT/Paramedics
from neighboring fire departmentsbegan arriving at
approximately 2110 hours. These paramedics
inserted abreathing tubeinto thefirefighter’sairway
(intubation) and placed anintravenous (V) lineinto
hisvein. Threeintubation attempts were needed
beforethefirefighter was successfully intubated.
Correct tube placement was confirmed by breath
soundsand capnometer.

The ambulance arrived at 2122 hours, and re-
evaluation by theambulance paramedicsfound the
firefighter to be unresponsive, pul seless, without
spontaneous breathing, and his pupilsdilated and
unreactive to light. The ambulance paramedics
connected thefirefighter toacardiac monitor witha
manual cardiac defibrillator. Themonitor foundthe
firefighter in asystolewith aperiod of ventricular
fibrillation (both heart rhythmsincompatiblewithlife).
Theventricular fibrillationwasshocked (defibrillated),
unfortunately reverting the heart rhythmto asystole
(no heart beat). Thefirefighter wasloadedintothe
ambulance and departed the scene at 2142 hours.
Thefirefighter wasgiven ALS medicationsat the
sceneand enroute. During thetransport to the ED
the paramedicsutilized an externa pacemaker which
showed capture but, no carotid pulse could befelt.

Theambulancearrived at the hospital’sED at 2156
hours, at that timethe ED’s cardiac monitor showed
asystole. After checking for proper tube, line, and
cardiac lead placement, the attending physician
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redlized thefirefighter hasbeenin cardiac arrest for
morethan 55 minutes. At 2200 hoursthefirefighter
was pronounced dead by theattending physicianand
resuscitation attemptswere discontinued.

Medical Findings

Thedesath certificatewas compl eted by the Coroner,
wholisted“Myocardid Infarction” astheimmediate
cause of death. No autopsy was performed. The
Fire Fighter had the following risk factors for
coronary artery disease (CAD): advancing age (>45
yearsold), family history, maegender, hypertension,
hyperlipidemia, and physical inactivity. Thevictim
was currently prescribed a cholesterol-lowering
medication, a blood pressure medicine, a blood
thinner, and ananti-arrhythmicagent. TheFreFghter
didnot exerciseregularly. Hislast medicd evauation
was in December 2003 conducted by his private
physician, where no mention wasmade of clearance
for firefighting duties. Atthat timeheweighed 163.6
poundsand was 72 inchestall, giving him abody
massindex (BMI) of 22.2 kg/m? (A BMI between
25and 29.9 kg/nPisoverweight, whileaBM I above
30kg/nisconsidered obese.)*

In April 1987, the deceased was diagnosed with
Atrid Fbrillation (atypeof heart rhythm disturbance)
forwhichhistrestment wasunclear. InJanuary 1991,
acardiac catheterization for anginashowed a100%
blockage of one of his coronary arteries (distal
circumflex) which was treated with a PTCA
(percutaneoustrandumina coronary angioplasty).
The PTCA reduced the artery’s blockage to only
10%. During the cardiac catheterization an gjection
fraction (ameasure of how well his heart pumps
blood) was estimated at 60% (within normal limits).

In December 1994, the deceased again had angina
and was admitted to the hospital. An EKG
(electrocardiogram), identified an acutemyocardia
infarction (M), otherwise known asaheart attack,
intheinferior portion of hisheart. The EKG also

showed an old MI on the heart’s posterior wall.
Another cardiac catheterization found themid | eft
anterior descending artery had a50% stenosis, the
mid-circumflex artery had a99% stenosis, thedistal
circumflex had a100% occlusion with collaterals,
and the right coronary artery (RCA) had a 50%
stenosis. After aPTCA, the mid-circumflex was
reduced to 20% occluded and the distal circumflex
was reduced to 30% occluded with an gection
fraction estimated at 50%.

In February 1995, six weeks after the MI and
PTCA, thedeceased underwent asubmaximal EST.
The Bruce protocol wasfollowed and the patient
achieved 7 MET S (metabolic equivaents) walking
for 6 minutesto stage 2 until leg fatigueforced the
test to stop. Themaximal heart rate was 132 bpm
(beatsper minute), 75% of the age adjusted maximal
target heart rate. Thetreadmill test wasrecorded as
negativefor ischemic EKG or chest pain. Hewas
subsequently cleared fire fighter duty by his
cardiologis.

Twomonthslater, inApril 1995, thefirefighter again
presented with angina. Repeet cardiac catheterization
showed are-occlusion of hismid-circumflex artery
(100%) and a new 99% occlusion of his RCA.
PTCA reduced hismid-circumflex to 20% occlusion
withthe RCA disregarded asit wasa*” diminutive
nondominant vessd goingtotheright ventricleonly”.
A repeat EST, record regarding medical clearance
for firefighter duties could befound.

In June 1999 the fire fighter presented with
symptomatic heart arrhythmias(prematureventricular
contractionswith bigeminy). Work-up included an
echocardiogram which found amildly dilated left
ventricle with an gjection fraction of 40%, and
moderatemitra regurgitation (heart vave problem).
He was successfully treated with prescription
medi cation (an anti-arrhythmic agent). InJuly 2001,
he developed another type of heart conduction
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problem (left bundlebranchblock). Again, norecord
could befound regarding medical clearancefor fire
fighter duties.

Hislast medica evauation wasin December 2002,
wherehischolesterol andtriglyceridesweredevated,
but his cardiac condition seemed to be stable.
Accordingtothefdlow crewmembers, thedeceased
did not complain of anginaor any other heart-related
illness, the day of, or the weeks preceding, the
incident.

DESCRIPTION OF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, the Fire
Department cons sted of ten full-time and four part-
timefirefightersand served theloca ClassIndex-B
airport on ageographic areaof 2200 acres. In 2002
the department made 134 total runs. Thereisone
firestation.

Training New firefightersmust have ahigh school
diplomaor equivalent, International Fire Service
Accreditation Congress (IFSAC) Department of
Defense (DOD) Firefighter 11 or Arkansas Fire
Academy (AFA) Firefighter 11, Arkansas or
National Registry Emergency Medical Technician-
Basic (EMT-B) and an Arkansas Firefighter
Certification. ThevictimwascertifiedasanAFA
Firefighter I, EMT-B, and at HAZMAT
Operationslevel.

Pre-placement Evaluations The Fire Department
doesrequire apre-placement medical

evaluation for new members. The FD specifies
the components of the medical evaluation which
includes.

*  Completemedicd history and questionnaire

* Heght, weight, andvital sSgns

e Phydcd examindion

e Visontest

* Audiogram

e Urindyss

» Urinedrug screen

* Bloodtests: completemetabolic panel including
alipidprofile

e Spirometry (lungfunctiontests)

o Chest X-ray

* RedingeKG

» Skintest for tuberculosis (PPD)

After reviewing thisinformation, the department
decideswhether the candidateismedically cleared
to perform fire fighting duties. Thereisno pre-
placement physical ability test. At the time the
deceased firefighter joined thisfire department, there
wasno pre-placement medica eva uation offered or
required.

Periodic Evaluations. No annual medical
evauationsor physical ability testsarerequired by
the Department. Fire fighters are encouraged to
receiveacompletephysica examination at their own
expense. Medical clearancefor SCBA useisnot
required. If afirefighterisinjured on duty, he/she
must beclearedfor returntowork by his’her persona
physician. Strength and aerobic equipment are
avallableat thefire station but thereisno mandatory
fitnessprogram. Thereareno wellnessprograms
avalable.

DISCUSSION

Because no autopsy was performed, a definitive
“cause of death” cannot be determined. Possible
causes include a heart arrhythmia, heart attack
(myocardid infarction), heart failure, or pulmonary
embolus. Thefirefighter hadahigtory of arrhythmias,
with onerequiring medication. Both, left bundle
branch block and prematureventricular contractions
arearrhythmiasassociated with anincreased risk of
sudden cardiac degth, particularly when present in
individuaswithCAD.2
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Itisalso possiblethevictim had aheart attack. The
term “possible” isused because autopsy findings
(thrombusformation), ECG findings, or blood tests
(cardiacisoenzymes) arerequiredto” confirm” aheart
attack (myocardial infarction). No autopsy was
performed therefore no thrombus could be found,
thevictim had no heart best to show thecharacteristic
findingsof aheart attack, and hedid not survivelong
enoughfor characteristic cardiac enzymesto become
elevated. Thefirefighter dsohad areduced gection
fraction, thusdiagnosing mild congestiveheart fallure
(CHF). A depressed gection fraction is also a
predictor of sudden cardiac death particularly when
found with CAD.? Thus, acombination of these
factors(CAD, arrhythmias, CHF, and valvular heart
disease) al greatly increase the risk for Sudden
Cardiac Death (SCD). Findly, athough muchless
likely, it ispossible hissudden death was secondary
toapulmonary embolus.

Inthe United States, coronary artery disease (CAD)
dueto atherosclerogs, isthemost commonrisk factor
for cardiac arrest and sudden cardiac death.® Risk
factorsfor itsdevel opmentincludeageover 45, mde
gender, family history of coronary artery disease,
smoking, high blood pressure, high blood cholesteral,
obesity, physicd inactivity, and digbetes*® Thevictim
had fiveof theserisk factorsand wasdiagnosed with
CADiIn1991.

Toreducetherisk of heart attacks, sudden cardiac
arrest and other medical conditions among fire
fighters, the NFPA has devel oped the NFPA 1582
guideline entitled Comprehensive Occupational
Medicine Program for Fire Departments.®
NFPA 1582 recommends a thorough medical
examination to be performed on all members. This
standard includes a recommendation that fire
fighterswith two or morerisk factorsfor CAD
(family history of premature [less than age 60]
cardiac event, hypertension, diabetes mellitus,
hypercholesterolemia[total cholesterol greater

than 240 mg/dL or HDL cholesterol lessthan 35
mg/dL], and cigarette smoking) be screened for
obstructive CAD by an EST.® These
recommendations are similar to those of the
American College of Cardiology/American Heart
Association (ACC/AHA).” Unfortunately, this
Fire Department does not currently offer EST or
any other periodic physical evaluationsto fire
fighters.

If the Fire Fighter had been examined by a
physician familiar with NFPA 1582, he probably
would have been precluded from duty as a
firefighter. The NFPA 1582 2000 edition®, under
whichthefirefighter would have been examined,
has different standards than the NFPA 1582 2003
edition. According to the 2000 edition, the
deceased had one category A condition (amedical
condition that WOUL D preclude aperson from
performing asamember inatraining or emergency
operationa environment by presenting asignificant
risk to the safety and health of the person or
others). The deceased one category A condition
was CHF as diagnosed by his reduced gjection
fraction on echocardiogramin 1999.

Thevictimaso had, according tothisstandard, three
category B disorders(amedica conditionthat, based
onitsseverity or degree, COUL D precludeaperson
from performing as a member in a training or
emergency operationd environment by presentinga
sgnificant risk to the safety and health of the person
or others). According to NFPA 1582, all three of
hiscategory B conditionswould precludework asa
firefighter dueto their severity. Theseconditions
were: 1) history of myocardid infarctionwithknown
severe CAD and alack of exercise stresstest data,
2) left bundle branch block because of lack of
exercisedresstest data, and 3) moderatemitra valve
regurgitation because of an abnormd left ventricular
function. A physician following the NFPA 1582
guiddineswould have precluded thefirefighter from
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active duty, which may have prevented hissudden
cardiac death at that time.

RECOMMENDATIONS

Thefollowing recommendationsaddresshedlth and
safety generdly. Thislistincludessomepreventive
measures that have been recommended by other
agencies to reduce the risk of on-the-job heart
attacks and sudden cardiac arrest among fire
fighters. These recommendations have not been
evauated by NIOSH, but they represent published
research or consensus votes of technical
committees of the NFPA or fire service labor/
management groups.

Recommendation #1. Conduct periodic medical
evaluationsto determineafirefighter’smedical
ability to perform duties without presenting a
significant risk to the safety and health of
themselves or others.

The purpose of periodic medical evaluationsisto
ensurethat firefightershavetheability to perform
dutieswithout presenting asignificant risk to the
safety and health of themselves or others.
Guidanceregarding the content and scheduling of
periodic medical examinationsfor firefighterscan
be found in NFPA 1582, 2003 edition.® In
addition, NFPA 1582 also provides guidance on
medical requirementsfor persons performingfire
fighting tasks.

Applying NFPA 1582 involveslegal and economic
issues, soit should becarried out inaconfidential,
nondiscriminatory manner. Annex B of NFPA
1582 provides guidance for Fire Department
administratorsregarding legal considerationsin
applying the standard. The economic concerns
go beyond the costs of administering the medical
program; they involvethe personal and economic
costsof dealing withthemedical eva uation results.

NFPA 1500, Sandard on Fire Department
Occupational Safety and Health Program,
addresses these issues in Chapter 8-7.1 and 8-
7.2.° Thesuccessof medical programshingeson
protecting the affected firefighter. The department
must (1) keep the medical records confidential,
(2) providedternate duty positionsfor firefighters
inrehabilitation programs, and (3) if thefirefighter
isnot medically qualified to returnto activefire-
fighting duties, provide permanent alternate duty
positions or other supportive and/or compensated
alternatives.

Recommendation #2: Fire fighterswith two or
more risk factors should have an EST.

NFPA 1582 and the IAFF/IAFC wellness/fitness
initiative both recommend EST for somefirefighters
to screen for obstructive CAD.*° NFPA 1582
recommendsEST for thosefirefighterswith two or
more CAD risk factors. Accordingto NFPA 1582,
these CAD risk factorsare:

o (family history of premature[lessthan age 60]
cardiac event,

* hypertension,

o diabetesmdlitus,

* hypercholesterolemia][total cholesterol greater
than 240 mg/dL or HDL cholesterol lessthan 35
mg/dL], and

e cigarettesmoking).®

These recommendationsare similar to those of the
American College of Cardiology/American Heart
Associaion (ACC/AHA).’

The EST could be conducted by thefirefighter’s
personal physician or the Department’s contract
physician. If thefirefighter’spersona physicianor
the contracted physcian conductsthetes, theresults
must be communicated to the Department physician,
who should beresponsiblefor decisionsregarding
medical clearancefor firefighting duties.
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Recommendation #3: Ensure that fire fighters
are cleared for duty by a physician
knowledgeable about the physical demands of
fire fighting.

Physicians providing input regarding medical
clearance for fire-fighting duties should be
knowledgeabl e about the physical demandsof fire
fighting and familiar with the consensusguidelines
published by NFPA 1582. Toensurephysiciansare
aware of these guidelines, we recommend that the
Fire Department provide the contract and private
physicianswith acopy of NFPA 1582. Inaddition,
we recommend the Fire Department not
automatically accept the opinion of the employees
private physician regarding return towork. This
decision requires knowledge not only of the
employee's medical condition but also of the
employee'sjobduties. Frequently, privatephysicians
arenot familiar withan employee' sjob dutiesor with
guidance documentssuch asNFPA 1582. Lastly,
werecommend that all return-to-work clearances
be reviewed by a Fire Department contracted
physician. Thus, thefind decisonregardingmedica
clearance for return to work lies with the Fire
Department with input from many sourcesincluding
theemployeesprivate physician.

Recommendation #4: Phase in a mandatory
wellness/fitness program for fire fighters to
reduce risk factors for cardiovascular disease
and improve cardiovascular capacity.

Physicd inactivity isthemost prevalent modifiable
risk factor for CAD intheUnited States. Additionaly,
physical inactivity, or lack of exercise, isassociated
with other risk factors, namely obesity and diabetes™
NFPA 1500, Sandard on Fire Department
Occupational Safety and Health Program, and
NFPA 1583, Sandard on Health-Rel ated Fitness
Programs for Fire Fighters, require a wellness
programthat provideshedlth promotion activitiesfor

preventing health problems and enhancing overal
well-being.®*? In 1997, the International
Association of Fire Fighters (IAFF) and the
International Associaton of Fire Chiefs (IAFC)
published a comprehensive Fire Service Joint
L abor Management Wellness/Fitness | nitiativeto
improvefirefighter quality of lifeand maintain
physica and mental capabilitiesof firefighters. Ten
fire departments across the United Statesjoined
thiseffort to pool information about their physica
fitness programs and to create a practical fire
service program. They produced amanual and a
video detailing e ements of such aprogram.® The
Fire Department should review these materialsto
identify applicable elements. Other large-city
negotiated programs can also be reviewed as
potential models.

Recommendation #5: Designate an employee
to administer the pre-placement and annual
medical evaluations and their outcomes.

Thisemployee should maintain the confidentiality
of the medical records. If this employeeis a
member of the FD and participating in the
Department’sannua medical evauation, apolicy
should prevent them from administering the program
tothemsalves.

Recommendation #6: Perform an annual
physical performance (physical ability)
evaluation.

NFPA 1500 requiresfire department memberswho
engage in emergency operations to be annually
evaluated and certified by the fire department as
meeting the physical performance requirements
identifiedin paragraph 8-2.1.3

Thisfinding did not contributeto thisfirefighter’'s
death, but was identified during the NIOSH
investigation.
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Recommendation #7: Perform an autopsy on
all on-duty fire fighter fatalities.

In 1995, the United States Fire Administration
(USFA) published the Firefighter Autopsy
Protocol.** This publication hopesto provide“a
more thorough documentation of the causes of
firefighter deathsfor three purposes:

(1) toadvancetheanayssof thecausesof firefighter
deathsto aid in the devel opment of improved
firefighter health and safety equipment,
procedures, and standards;

(2) tohelpdeterminedigibility for death benefits
under the Federal government’s Public Safety
Officer BenefitsProgram, aswell as state and
local programs; and

(3) toaddressanincreasnginterest inthestudy of desths
thet could berdatedto occupationd illnessesamong
firefighters, both activeandretired.”

Thefollowing recommendationswereunrel ated to
thisfatality, but were safety issues identified by
NIOSH during itsevaluation:

Recommendation #8: Providefire fighterswith
medical evaluationsand clearancetowear SCBA.

OSHA'sRevised Respiratory Protection Standard
requiresemployersto provide medical evaluations
and clearance for employees using respiratory
protection.”® These clearance evaluations are
required for privateindustry employeesand public
employees in States operating OSHA -approved
State plans. Arkansas is not a State-plan State;
therefore, public sector employersare not required
to comply with OSHA standards. Nonetheless, we
recommend voluntary compliance with the
Respiratory Protection Standard.

Recommendation #9: Provide adequate fire
fighter staffing to ensure safe operating
conditions.

Currently on each shift, two ARFF (aircraft rescue
fire fighting) personnel staff the ARFF vehicle,
depending on the function of the vehicle. The
primary objective of ARFF personnel at the scene
of any aircraft accident isto control and extinguish
thefireto enable safe evacuation of the aircraft.
NFPA 403 recommends that “during flight
operations, sufficient trained personnel bereadily
available to staff the rescue and fire-fighting
vehiclesand to perform fire-fighting and rescue
operations.”* Rescue operations should begin as
soon as conditions permit and often are a
smultaneousfunction during thefirefighting phase
that requires considerable coordination. One
rescue team method consists of four ARFF
personnel equipped with full protective clothing
and positive pressure SCBA. Two of the persons
are handline operators and precede the other two,
who are equipped with appropriate hand-held tools
needed for forcibleentry, extrication, and making
access to hidden fuselage fires behind panels,
floors, and compartments.t” Understaffing causes
those members on-scene to work harder and for
longer periodsof time, and impactsthe safety and
survivability of aircraft passengers. ARFF
companies should be staffed with two personnel
at aminimum, provided that at |east two ARFF
vehiclesrespond to the same emergency, providing
a total of four ARFF personnel at the scene.
Otherwise, ARFF vehicles should be staffed with
four personnel.
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